Abstract
. Likewise, handwriting legibility also improves during 23 primary school, mainly during the later years (Graham et al., 1998) , although Ziviani and with learning and/or behavioural problems, Klein et al. (2011) found that visual perception 1 significantly predicted writing legibility during a copy task. In first-graders however, the total 2 score on a test of visual perception did not differ significantly between good and poor writers 3 (Yost & Lesiak, 1980) . Furthermore, the level of visual perception did not relate to either 4 handwriting speed or quality in second-and third-graders with either good or poor writing 5 skills (Volman et al., 2006) .
6
Motor functioning is another component which influences writing abilities in children. According to L. Hamstra-Bletz and Blöte (1993) , problems of dysgraphic writers are related 8 to a lack of fine motor control. Furthermore, unimanual dexterity is stated to explain 21% of 9 variance in handwriting legibility in TD children (Volman et al., 2006) . Additionally, in a 10 study by Tseng and Chow (2000) , fine motor skills accounted for 9.95% of the variance in 11 writing speed in children who produced an adequate printing rate. This association between 12 speed and upper limb expertise was also observed in TD children (Bumin & Kavak, 2008) 13 and in children with learning and/or behavioural problems (Klein et al., 2011) . writing speed as well as a negative relationship between total IQ and handwriting errors were 17 observed (Berninger, et al., 1992; McKay & Neale, 1985) . Biemiller, Regan, and Gang (1993, 18 as cited in Graham & Weintraub, 1996, p. 34) found a positive correlation between writing 19 fluency and reading speed. Additionally, Kandel, Soler, Valdois, and Gros (2006) found that 20 children with the best reading levels took less time to write words and wrote more fluently.
21
Shared cognitive processes or structures and knowledge representations may underlie the 22 relationship between reading and writing (Fitzgerald & Shanahan, 2000; Shanahan, 1984) . caused by impairments in procedural learning circuits involving the cerebellum.
One might wonder which of these factors causes poor handwriting in children with 1 ASD. Only by identifying the underlying mechanisms, adequate treatment can be provided.
2
The study by Fuentes et al. (2009) showed that in a rather small sample of children with ASD, 3 fine motor skills significantly predicted handwriting, whereas age, gender, IQ, and 4 visuospatial abilities did not. On the other hand, in adolescents with ASD, the same 5 researchers found that the level of perceptual reasoning was the main predictor of 6 handwriting. However, they did not take reading or visuo-motor abilities into account, 7 although previous research has already established the influence of these factors. Consequently, the present study examined the predictive value of gender, age, handedness, 9 IQ, visual-motor integration, visual perception, fine motor skills, and reading abilities in a 10 relatively large group of children with ASD in order to identify which domains have to be 11 examined and possibly be dealt with during handwriting remediation. In that way, a more 12 effective therapy for each child with ASD could be applied in the future. reflects a true group difference and therefore will not reduce within-group error variation 21 unrelated to group status (Field, 2009, pp. 397-399; Miller & Chapman, 2001 Beery et al., 2004) . In the VMI, children are instructed to copy 27 geometric forms correctly.
12
Based on criteria in the manual, each reproduced figure is scored as correct or incorrect. In the 
Results

12
Prior to statistical testing, outliers (= group mean ± 3 SDs) were removed. This Therefore, results of the latter are presented.
8
In all the analyses mentioned above, raw scores of handwriting quality and speed were 9
used. An alpha level of .05 was employed.
10
Children with ASD performed worse on all measures (SS VMI, SS VP, SS OMRT, SS
11
MD, handwriting quality, and speed) compared to the control group ( .008), hand preference (standardized β = -.27, t = -2.57, p = .01), SS VMI (standardized β = -
14
.24, t = -2.11, p = .04), and SS VP (standardized β = -.27, t = -2.19, p = .03) ( motor, and cognitive variables predict handwriting quality and writing speed in children with 10 ASD. Below, the influence of each factor is delineated and discussed.
11
In the present study, children with ASD wrote fewer letters in five minutes, which is in 
23
The present study confirms the outstanding performance of girls regarding 24 handwriting quality observed in previous research: girls with ASD produced a text of better quality than boys (Berninger & Fuller, 1992; Graham et al., 1998; Ziviani & Elkins, 1984) . volume in our study seems plausible because of the age range of our sample (7 till 12 years).
11
Speed differences between sexes at certain moments during development, namely the higher 12 rate of girls aged 7-10 and of boys aged 11-12, were probably balanced out and finally 13 resulted in a similar writing speed (Ziviani & Watson-Will, 1998 can lead to enhancement in both skills, but specific instructional attention should not be 3 neglected (Graham & Hebert, 2010) . In addition to our findings, it would also be interesting 4 to know whether the links between writing and reading skills are limited to timed reading 5 tasks or whether, for example, comprehensive reading tasks are also related to writing speed.
6
Importantly, despite the well-known link between reading and writing, the degree of reading 7 skills is often overlooked during treatment of writing difficulties in general (Feder & 8 Majnemer, 2007) . Rather than focussing solely on visual-motor processes or motor control,
9
handwriting remediation should address reading skills as well.
10
This research project aimed to reveal which factors predict handwriting quality and 11 speed in children with ASD. Whether these variables also influence handwriting processes has 12 not been examined. Since handwriting is a dynamic task, future handwriting evaluations proprioceptive information is indispensable to calibrate the hand in space during writing. 
Conclusion
19
Handwriting is a complex task in which diverse processes interact. In children with 
